We study the electroweak phase transition in an effective 3-dimensional theory for a Higgs mass of about 70 GeV by Monte Carlo simulations. The transition temperature and jumps of order parameters are obtained and extrapolated to the continuum using multi-histogram techniques and finite size analysis.
Introduction
One approach to lattice calculations of the electroweak transition is based on an effective 3-dimensional SU (2)-Higgs model. It is attractive phenomenologically because it circumvents the problem of putting chiral fermions on the lattice. Due to dimensional reduction, fermions as well as non-static bosonic modes contribute to the effective action. In contrast to QCD, dimensional reduction should work for the electroweak theory around and above the transition temperature because g 2 is small. For the electroweak phase transition this approach has been pioneered by Farakos et al. (see e.g. [2] ). In its simplest version the dimensionally reduced effective theory is again an SU (2)-Higgs theory with just one doublet.
The lattice model
On the lattice, we study the SU (2)-Higgs system with one complex Higgs doublet of variable modulus. The gauge field is represented by unitary 2 × 2 link matrices U x,α , the Higgs fields are written as Φ x = ρ x V x (V x ∈ SU (2)). The lattice action is
, U p denotes the SU (2) plaquette matrix), with
(a is the lattice spacing). The lattice model defined by (1) is numerically studied at given couplings β G , β H and λ 3 /g 2 3 . In the search for the phase transition, bulk variables like
are used. The update is a combination of 3d and 4d Gaussian heat bath for the gauge and Higgs fields, respectively, and Higgs reflections. Most of the Monte Carlo data have been obtained on QUADRICS parallel computers.
3. Phase separation, equal weight and mixed phase configurations As usual, the search for the phase transition point requires extensive application of the multihistogram technique [3, 4] .
We have studied the phase transition driven by m 3 . Then the lattice Higgs self-coupling β R varies with β H (see (2) ). Therefore, the reweighting uses not only E link , but ρ 2 and ρ 4 at the same time.
We have determined the finite volume pseudocritical β Hc (L) by the minima of the Binder cumulants and the maxima of the susceptibilities
(in the same way for other observables) as well as using the equal weight method. The application of the equal weight criterion requires a procedure to separate the (measured or reweighted) histogram into contributions attributed to the pure phases. In addition, there are inhomogeneous (mixed) configurations contributing to the histogram. Our main assumption is that the pure phases can be described by Gaussian distributions for any volume averaged quantity. The normalised histogram has been represented as a weighted sum of three histograms
with w b + w s + w mix = 1. w b,s denotes the weight of the broken/symmetric phase, w mix that of the mixed state. The positions, widths and weights of the pure phase histograms at a given β H have been obtained by fitting the outer flanks of the twopeak histogram to Gaussian shape. This fixes the weight w mix and the ρ 2 distribution to be attributed to configurations with domains of both phases in equilibrium. The pseudo-critical β Hc is found according to the requirement w b = w s .
Another kind of phase separation was used to estimate the jump of the plaquette and correlation lengths of "pure" phases at the critical point.
The aim is to remove successful tunneling escapes and unsuccessful tunneling attempts towards the "wrong" phase from what should then be considered as the Monte Carlo trajectory restricted to the "right" phase.
The procedure rescans the records of ρ 2 which has a well separated two-peak signal for all considered volumes. Referring to this variable a lower cut for the upper (broken) phase and an upper cut for the lower (symmetric) phase can be chosen. The cuts are determined in such a way that the remaining histograms (for the "pure" phases) are almost symmetric around their maxima. If the Monte Carlo history of ρ 2 enters the range of a certain phase and stays there for a number of iterations (larger than the autocorrelation time without tunneling but smaller than that with tunneling), the sequence of configurations is considered to belong to that phase until the trajectory leaves it.
Phase Transition Localisation
To demonstrate the two-peak structure we show in Fig. 1 3 is presented in Fig. 3 together with the Gaussians describing the pure phases. The distribution attributed to mixed configurations with domains of both phases in equilibrium is well identified between the two peaks. In Table 1 the extrapolations for each method are collected together with the average β ∞ Hc for β G = 12 and 16. The result is translated into a physical temperature and an "exact" Higgs mass M H using the correspondence to quantities in the Figure 4 .
Infinite volume extrapolation of β Hc (β G = 12) 4-dimensional theory in 1-loop accuracy (no µ 4 -dependence, see [2] ).
These numbers are given for the case of the SU (2)-Higgs theory without and with fermions (i.e. including the top quark with a mass of 175 GeV). Comparing the temperatures, there seems to be not much space left for O(a) corrections. The "exact" Higgs mass is practically the same. sis of Ref. [6] we found that the size dependence of the jumps for all available lattice sizes is best described by a 1/L 2 fit. The extrapolation to infinite volume is given in Table 2 Additionally, the expectation value of the average plaquette P shows a discontinuity as well. This jump is numerically a tiny effect at the larger Higgs mass. Nevertheless, we are able to estimate it using the phase separation technique discussed earlier.
In Table 3 Table 3 . Estimated plaquette jump ∆ P The relation of the measured quantities to continuum physics as well as further consequences are discussed in the related contribution of A. Schiller [7] .
Summary
We have studied the electroweak phase transition for Higgs masses up to 70 GeV. Its first order nature has been demonstrated. The critical parameters were determined using the multihistogram technique in conjunction with the equal weight and other more standard criteria giving consistent results. The jumps in several quantities are reported and extrapolated to the continuum.
